Background Radiation therapy for head, neck, and esophageal cancer can result in esophageal strictures that may be difficult to manage. Radiation-induced esophageal strictures often require repeat dilation to obtain relief of dysphagia. This study aimed to determine the long-term clinical success and rates of recurrent and refractory stenosis in patients with radiation-induced strictures undergoing dilation. Methods Retrospective cohort study of patients with radiation-induced strictures who underwent endoscopic dilation by a single provider from October 2007-October 2012. Outcomes measured included long-term clinical efficacy, interval between sessions, number of dilations, and proportion of radiation strictures that were recurrent or refractory. Risk factors for refractory strictures were assessed. Results 63 patients underwent 303 dilations. All presented with a stricture[30 days after last radiation session. Clinical success to target diameter was achieved in 52 patients (83 %). A mean of 3.3 (±2.6) dilations over a median period of 4 weeks was needed to achieve initial patency. Recurrence occurred in 17 (33 %) at a median of 22 weeks. Twenty-seven strictures (43 %) were refractory to dilation therapy. Fluoroscopy during dilation (OR 22.88;), severe esophageal stenosis (lumen \9 mm) (OR 10.51; 95 % CI 1.94-56.88), and proximal location with prior malignancy extrinsic to the lumen (OR 6.96; 95 % CI 1.33-36.29) were independent predictors of refractory strictures in multivariate analysis. Conclusions (1) Radiation-induced strictures have a delayed onset ([30 days) from time of radiation injury. (2) Endoscopic dilation can achieve medium-term luminal remediation but the strictures have a high long-term recurrence rate of up to 33 %. (3) Remediation of radiation strictures following laryngectomy can be achieved but require frequent dilations. (4) Clinical and procedural predictors may identify patients at high risk of refractory strictures. (5) The optimal strategy in highly selected refractory patients is not clear.
decreases quality of life [1, 2] . The esophagus can be particularly sensitive to radiotherapy, and thus susceptible to injury that can lead to stenosis following treatment for tumors within or near to the esophagus [3, 4] . A recent meta-analysis had a stricture incidence as high as 16.7 % in patients treated with intensity-modulated radiation therapy and chemotherapy for head and neck cancer (HNC) [5] .
Dilation therapy has been the mainstay of treatment for these benign strictures, but due to anatomic distortion, nonsurgical endoscopic management can often be technically challenging [6] . Most patients have only partial occlusion that is amenable to anterograde endoscopic dilation with either wire-guided rigid polyvinyl dilators (e.g., SavaryGalliard) or through-the-scope balloon dilators with or without guidewire assistance [7] . Fluoroscopic guidance can be utilized for complex strictures both to monitor guidewire and dilator passage as well as to control and assess the device during dilation. In patients with tight stenosis that does not permit guidewire passage, retrograde endoscopic dilation via gastric access can be used. Complex strictures, such as those that are longer ([2 cm), angulated, irregular, or have a severely narrowed diameter, may require multiple dilation sessions, and may be simultaneously treated with supplemental therapies, including injection of steroids and temporary endoprosthetic placement [8] .
Despite these treatment modalities, radiation strictures, along with anastomotic and caustic strictures, remain a common cause of recurrent and refractory strictures in the Western World [9] . A recurrent or refractory esophageal stricture has been previously defined as an anatomic restriction secondary to cicatricial luminal compromise or fibrosis that results in dysphagia without endoscopic evidence of inflammation. If the stricture cannot be successfully remediated to a diameter of 14 mm over 5 sessions at 2-week intervals, it is considered refractory; if one cannot maintain a satisfactory luminal diameter for 4 weeks once 14 mm has been achieved, it is considered recurrent [10] .
We set out to analyze the prevalence of recurrent and refractory strictures for radiation-induced esophageal stenosis referred to a single provider at a tertiary care center. Our secondary aims were to evaluate the safety, initial efficacy to achieve remediation, and identify factors associated with lack of durable response to endoscopic dilation.
Methods
A retrospective analysis was performed on patients that underwent endoscopic dilation for esophageal stenosis at the University of Pennsylvania Health System by a single provider (MLK) from October 2007 to October 2012. Patients were identified through a prospective database kept by the provider. The study population consisted of patients who had primary tumors of the head and neck, esophagus, breast, and lung. Patients underwent dilation after primary chemoradiotherapy (CRT) or radiotherapy (XRT), or primary surgery with adjuvant CRT/XRT. Only patients who had prior radiotherapy, clinical dysphagia (as defined by patient reporting difficulty swallowing both solids and liquids), and at least one month of follow-up after dilation in the electronic medical record were included in the study. Several patients with an anastomosis following treatment of HNC were included for analysis. Patients who had undergone a prior esophagectomy for primary esophageal cancer were excluded to avoid confounding of the primary and secondary outcomes (recurrence/refractory/dilation efficacy for radiation-related strictures). The protocol was approved by the institutional review board.
Dilation procedures
Patients with partial stenosis underwent anterograde dilation (Fig. 1 ). If the patient had a complete stenosis, i.e., a guidewire was unable to be passed through the residual lumen or a residual lumen was not visualizable either via endoscope or fluoroscopy, retrograde dilation was performed as previously described by Lew et al. [8] . Dilation technique was at the discretion of the operator after estimating the initial diameter of the stenosis and using an appropriate dilator sized to apply moderate resistance to the stenosis. Dilations following intervals of 2-4 weeks were performed until the stricture was remediated to a diameter of 12-14 mm, and repeat dilations were performed based on clinical symptoms of dysphagia [10] . Patients underwent serial dilation until successful stricture remediation was achieved, or re-intervention if they developed recurrent dysphagia following initial remediation. Further descriptions of our standard approach to alleviating complex benign strictures, dilation techniques using Savary or balloon dilators, and details on adjunctive therapies have been described previously [9, 11] .
Stricture characteristics
Stricture lumen was evaluated based on procedure reports, as were any intraprocedural complications and supplemental therapies such as steroid injection. Technical success was defined as the ability of the endoscopist to traverse the stricture with the chosen dilator and subsequent completion of dilation (effectively increasing luminal diameter by at least 3 mm). Clinical success (resolution of dysphagia) and post-procedure complications were identified using available electronic medical records. A stricture was considered refractory if luminal patency greater than 14 mm could not be achieved after at least 5 A Radiation esophagitis with a stricture that precluded passage of the endoscope and friable mucosa at the level of the stenosis. Balloon dilation performed with successful remediation. B Esophageal stricture post-esophageal reconstruction and XRT. A pinpoint area from prior perforation/ luminal discontinuity. CRE balloon 8-10 and 10-12 mm dilators were passed and serial dilation performed with remediation as evident on follow-up 1 month later. C 2-3 mm opening just below the upper esophageal sphincter after laryngectomy and XRT. Serially dilated in a single session with CRE balloon 8-10 mm, then 12-13.5 mm, and finally using Savary dilation under fluoroscopic control. Successful remediation with widely patent lumen on follow-up at 2 weeks and 1 year later (far right image). D Esophageal stricture after laryngectomy and XRT with successful remediation following serial balloon dilation and Savary 15 mm dilator at successful remediation dilation sessions over a 10-week period. A stricture was considered recurrent if a luminal patency of 14 mm was achieved, but the stricture was then found to be less than 14 mm on repeat endoscopic evaluation for dysphagia within 4 weeks. Patients who required endoprosthesis or operative revision after failure to achieve sustained luminal patency from repeated dilations were considered refractory.
Covariates and Analysis
Baseline patient and stricture characteristics were identified and recorded. Factors included in the analyses were age, sex, race, presence of a surgical anastomosis, exposure to chemotherapy, type of cancer [split into the following categories: esophageal, HNC, other (metastases from breast and lung), both HNC and esophageal cancer, or both HNC and other], time from last radiation dose to first dilation, size of stenosis [\9 mm or[9 mm based on the diameter of the adult upper endoscope (9.8 mm, GIF-H180, Olympus Corporation)], intra-and post-procedural complications (mild self-limited bleeding, hemorrhage requiring intervention or transfusion, aspiration, perforation, and death), and number of dilations to achieve luminal remediation. Results were either expressed as median with interquartile ranges if data did not follow normal distribution or mean with standard deviation if data were normally distributed. Wilcoxon rank-sum tests were used to compare the differences between two groups of a priori interest for non-parametric data. A two-sided p \ 0.05 was considered statistically significant. Potential risk factors for refractory strictures were assessed by univariate analysis with the v 2 statistic in the case of categorical variables and simple logistic regression in the case of continuous variables. Significant predictors (p \ 0.20) in the univariate analysis were then included in a backward, stepwise elimination multipleregression model to identify the most important risk factors for a stricture to be refractory to endoscopic dilation. Variables that no longer had a p \ 0.20 in the regression model were excluded to make the model parsimonious. Patients for whom relevant data were missing were excluded from the multivariate analyses. Data analysis was performed using STATA version 12.1 (Stata Corp, College Station, TX).
Results

Patient characteristics
63 patients met criteria for inclusion in the study, and underwent a total of 303 dilations for remediation (Table 1) . Eleven patients had only one month of follow-up following initial dilation. Of the 52 patients with greater than one month of follow-up, the median follow-up was 7 months (interquartile range, IQR 2-31.5). The overall median follow-up (including those with only one month of follow-up) was 4 months (IQR 1-21).
Half of the patients had radiation therapy for a primary HNC. Seven patients had more than one primary cancer yet required radiotherapy that included the esophagus as part of the XRT window. Almost one-fourth of patients included were treated with surgical laryngectomy prior to XRT. Two-thirds of all patients received neoadjuvant chemotherapy in addition to XRT. The median time from last date of XRT to first dilation was 14 months (IQR 6-47.5). In patients with no prior surgery, the time from the last date of XRT to first dilation was 20 months (IQR 6-71).
Dilation Techniques
Patients were dilated using Savary dilators (9 patients), through-the-scope balloons (37 patients), or both (17 patients) ( Table 2 ). Patients required a median of 3 dilations before achieving clinical success, with an interquartile range of 2-8. Intralesional steroids were injected in 5 patients, two of whom had a prior anastomosis. An adult upper endoscope was unable to pass in all patients with a lumen diameter less than 9 mm (25 patients), and retrograde dilation was performed in 9 of these patients to achieve remediation. All others received anterograde dilation using the combination of ERCP catheters and guidewires, fluoroscopy, and pediatric or ultra-thin endoscopes.
Clinical outcomes
Technical success was defined as achieving luminal patency after dilation was attempted, and accomplished in all patients (Table 3) . Clinical success was defined by endoscopic dilation up to 14 mm and subsequent relief of dysphagia, and was achieved in 52 patients (83 %). A mean of 3.3 (±2.6) dilations over a median period of 4 (IQR 0-12) weeks was needed to achieve patency during the initial treatment phase.
Complications
Complications occurred in 3 patients (4.8 %). All 3 complications were self-limited bleeding near the site of a transesophageal prosthesis (after laryngectomy) that did not require transfusion. There were no perforations. There was a single patient who had a prior operative repair for esophageal rupture preceding dilation therapy; he then underwent a gastrojejunostomy for pyloric stenosis and gastroparesis to effectively reduce his reflux symptoms following multiple uncomplicated dilation sessions for esophageal stricture management.
Recurrence
Among patients with clinical success, recurrence-need for delayed repeat dilation with an inability to maintain luminal patency of 14 mm after successful dilationoccurred in a third (17 patients) . Recurrence occurred at a median of 22 weeks (IQR 17.3-49.3). In patients with recurrent strictures, a mean of 2 (±1.9) dilations was needed to establish patency.
Refractory Strictures
Twenty-seven strictures (43 %) were considered refractory (Table 4) . Patients with a prior anastomosis had a higher proportion of refractory strictures versus those who had radiation alone (50 vs. 41 %, p = 0.4), although this finding was not statistically significant. Overall, patients with a prior anastomosis required more frequent dilations (median 3 vs. 2, p = 0.02) over a longer period of time (median 8 vs. 2 weeks, p = 0.03) to achieve initial patency compared to patients with radiation alone. Retrograde Dilation, no. (% of patients) 9 (14 %)
TTS through-the-scope 29:1903-1912 1907 Intraoperative steroid injection
Five patients received endoscopic injection of Kenalog (four 1-mL aliquots of 10 mg/mL triamcinolone acetonide in a four-quadrant pattern, for a total of 40 mg) using a standard sclerotherapy needle. The provider elected to use adjunct steroid therapy for these strictures based on clinical history of these patients who were expected to be more difficult to remediate. When compared to patients who required more than one dilation and did not receive steroids (n = 40), the injection of steroids was not associated with fewer dilations (3 dilations vs. 8 dilations, p = 0.0008) or treatment length (median 9 vs. 30 weeks, p = 0.03) when compared to patients who did not receive injected steroids (Table 5) .
Risk factors for refractory stricture
The results of our analysis of risk factors associated with refractory strictures following endoscopic dilation are shown in Table 6 . We defined extrinsic malignancy as having a history of a HNC or metastases from breast or lung cancer in contra-distinction to intrinsic malignancy as a patient with a history of esophageal cancer. 
Discussion
Radiotherapy is integral therapy for esophageal, head and neck, and chest (breast, lung) malignancies. The esophagus may be particularly radiosensitive. Dysphagia can result from a variety of mechanisms including mucositis, radiation dermatitis, xerostomia, and edema in the acute setting, with fibrosis, neuromuscular damage, lymphedema, and Only candidate factors with p values below 0.05 in the univariate analysis were included in the multivariate analysis. There were no candidate predictors with missing data on subjects included in this study. Steroid injection only occurred in refractory strictures thus was excluded from analysis. Race was excluded since all subjects but one were Caucasian. CI confidence interval a Unadjusted odds ratio as compared to respective referent: male, no use of fluoroscopy during procedure, proximal lesion from extrinsic malignancy (head and neck cancer or metastases from breast or lung cancer) as compared to distal lesion from intrinsic malignancy (esophageal cancer), severe stenosis (luminal diameter \9 mm with an inability to pass upper adult endoscope) as compared to diameter [9 mm, no prior resection/anastomosis for head and neck cancer, no exposure to neoadjuvant chemotherapy b Odds ratios have been adjusted for the effect of the other variables in the model c CI was statistically significant in univariate analysis but not in multivariate model d Odds ratio as compared with a patient age 44 or younger mechanical obstruction as late sequelae to radiation injury [12] . Resultant dysphagia can be difficult to manage, unlike gastroesophageal reflux-induced strictures in the PPI era [9] . The baseline features of a refractory or recurrent stricture have been previously defined [10] . We now set out to establish the prevalence of these strictures within patients with radiation-related esophageal stenosis. A secondary aim was to evaluate the long-term efficacy of endoscopic dilation and factors associated with lack of response to endoscopic therapy. First, our study validates what has been previously suggested: radiation-induced strictures can present several months after the cessation of radiotherapy [9] . However, while this delayed phenomenon has been typically described as 4-8 months from the last session of radiotherapy, the patients in our cohort developed dysphagia much later, at a median of a year and a half from their last radiation session and a few developed a symptomatic stenosis after as many as 10 years following radiation. Thus, radiotherapy appears to have clinically significant delayed, longterm side effects to the esophagus within the radiation field.
The clinical and procedural factors that affect the success rate of endoscopic dilation for non-peptic strictures are not well understood. A Turkish group investigated factors affecting endoscopic bougie dilation of radiation strictures, and found that the total prescribed dosage of radiation seems to have minimal effect on the result of dilation [13] . The same group found that the time of onset of stenosis since radiation therapy affects the success rate of endoscopic bougie dilation; the later the onset, the higher the success rate [13] . We did not find this same association in our study that consisted predominantly of patients who underwent endoscopic balloon dilation as primary therapy; given our long median time to initial dilation following radiation therapy of 14 months (IQR 6-47.5) and high rate of refractory strictures in our cohort, it is impossible to definitively identify the reason for this discordance. It may be because our cohort excluded patients who underwent previous resection for primary esophageal malignancy (excluding those with a primary esophagogastric anastomosis from partial or total esophagectomy). Perhaps the discrepancy is accounted for by the inclusion of only five non-responders to dilation in the Turkish study; a sample size that may preclude statistical detection of reported true association.
We believe that balloon dilation has favorable advantages for radiation-related strictures and other stenosis resulting from chronic inflammation. Balloon dilation offers direct visualization and controlled application of expansile radial forces at the level of the stricture. Additionally, any bougie technique may have an inherently higher complication risk due to its method of dilation: the longitudinal forces that impact on the stricture are not as uniformly predictable and 'hot' spots potentially lead to perforation within the stricture or just proximal if the longitudinal shear strength of the tissue is less than that of the stricture itself. Studies to date have not shown a clear advantage between these two dilator types, although a prior study is suggestive [14] . However, most studies did not stratify endpoints based on different etiologies for the benign stricture [15] [16] [17] [18] .
The literature on the efficacy of intralesional steroids to facilitate remediation of benign esophageal strictures had initially been promising [9, [19] [20] [21] [22] . Older studies have shown limited value in its use for refractory strictures [23, 24] . In a recent randomized, controlled trial, the addition of endoscopic injection of corticosteroids to Savary dilation therapy did not decrease the number of repeat dilations needed nor prolong the dysphagia-free intervals in patients with anastomotic esophagogastric strictures [25] . Similarly, in our cohort, endoscopically injected steroids did not promote remediation of radiation-induced strictures. All patients who underwent targeted injection of steroids had focal strictures and had prior anastomosis for HNC. These data are difficult to interpret, however, as the patients who received adjunct intralesional steroid injections were expected to have extremely refractory strictures and would have likely failed to achieve sustained remediation regardless. Ramage et al. demonstrated that steroids might be of benefit for peptic strictures in a randomized controlled trial, albeit in a small number of patients [26] . Steroids may not effectively resolve radiation-related stenosis once the ischemia and inflammation has resulted in permanent collagen deposition. Clearly, a prospective, randomized controlled trial with an adequate sample size may better address the utility of an adjunctive agent within these complex radiation-induced strictures.
Overall, the complication rate was 4.8 %, but nil when excluding patients who had self-limited bleeding who did not require transfusion or intervention. It has been postulated that prior radiation may be associated with increased risk of perforation or clinically significant bleeding in the setting of esophageal stent placement [27, 28] . We did not observe these same risks for balloon dilation in post-radiation strictures; even the patient with a prior esophageal perforation preceding dilation did not have a complicated post-procedural course despite multiple balloon and bougie dilations. Thus, endoscopic dilation remains a safe alternative for initial radiation associated stricture management, and our findings are consistent with the overall complication incidence of 0.4 % we previously reported in a series of 1,000 dilation procedures and as published in other respective series [9, 29] .
Fourth, our cohort demonstrated that while dilation can achieve technical and clinical success in most patients with radiation-induced strictures, many of them will require frequent repeat dilations for recurrent symptoms within 6 months following initial remediation. In addition to this high recurrence rate, there was a high prevalence of refractory strictures. The high prevalence of both recurrent and refractory strictures may be due to the following: (1) the mechanism of injury from radiation is from a transmural process and results in tissue fibrosis and irreversible deposition of collagen; (2) the high proportion of patients with near complete obstruction/obliteration of esophageal patency (39.6 %); and (3) the selection bias inherent from the referral pattern of a tertiary academic center with a provider focused on complex stricture management. This bias likely resulted in patients with more co-morbidities that were not measured as part of this study [as evidenced by the frequency of two primary cancers in each patient (11 %)]; there may be additional unmeasured clinical factors that affected response to dilation in this cohort.
Lastly, we identified certain patient and intraprocedural characteristics as independent risk factors associated with radiation-induced strictures refractory to endoscopic dilation. Two were clinical predictors, namely female sex and prior malignancy that had resulted in extrinsic compression of the proximal esophageal lumen. Women seemed to have a threefold increased risk for refractory strictures as compared to men for unclear reasons, although this observation lost statistical significance in the multivariate model. Similarly, radiotherapy for HNC or metastases from breast or lung cancer had a sevenfold risk as compared to patients who developed radiation strictures as part of therapy for esophageal cancer. One explanation could be that these strictures resulted from radiation injury and extrinsic luminal compression, often in the proximal upper third of the esophagus, thereby leading to more complex, fibrotic, angulated, and potentially multi-focal stenoses, especially for cases in which dilation was performed as palliative therapy for metastatic disease.
Two intraprocedural risk factors were identified. The use of fluoroscopy during the initial dilation session heralded a high likelihood that the stricture would be refractory with an almost 22-fold risk as compared to strictures dilated without fluoroscopic guidance. Fluoroscopy is often reserved for dilation of complex strictures to facilitate guidewire and dilator passage through longer, angulated, and severely narrowed strictures, sometimes with near total obstruction. For this study, the endoscopist's choice of when to utilize contrast to guide therapy is probably linked to the degree of complexity of the stricture and thus more prone to be applied in patients who will require frequent dilations at short intervals. Furthermore, the use of fluoroscopy was not only a surrogate for procedural difficulty but was often employed for complex non-traversable strictures to ensure procedural safety. Safe passage of dilators or guidewires can be facilitated where endoscopic visualization can be difficult. Proximally located strictures and a severely compromised lumen carry a high risk of refractory stenosis (as identified in our results), and are more challenging to dilate without fluoroscopic guidance. While it seems intuitive that the greater the degree of stenosis, the more likely the stricture may be refractory to dilation therapy, there are no studies to date that have validated this association. Several series including our own have described reestablishing luminal patency using retrograde endoscopy by way of gastrostomy tube tracts or using a combined antegrade and retrograde approach in patients with complete, or near complete, esophageal stenosis [8, [30] [31] [32] [33] . Our results suggest that the degree of stricture severity confers a higher likelihood of refractoriness. Patients who had near complete stenosis (16 patients), or complete stenosis requiring retrograde luminal reconstitution and dilation (9 patients), were ten times more likely to have a refractory stricture than those with an initial larger diameter ([9 mm) allowing passage of the upper endoscope before dilation.
Several limitations must be taken into account. First, these data may be difficult to generalize to general practice as they were based on experiences from a single expert provider at a single tertiary care center. However, patients with radiation-induced strictures often have multiple co-morbidities and are typically managed under a multidisciplinary team at large referral centers. Furthermore, while the experiences of a single endoscopist may also make the data difficult to generalize, it does have the advantage of confounders related to provider selection or therapeutic algorithms. Second, standardized dysphagia scores were not utilized in this study. Repeat dilation after remediation was based on the persistence or recurrence of solid food dysphagia. Patients with chronic dysphagia can easily accommodate and often underreport symptoms. Many of these patients have other factors that contribute to their dysphagia including radiation exposure resulting in neuromuscular problems and a decrease in salivation that is not accurately reflected with the extent of luminal restoration. Nonetheless, there is no good objective scoring system for chronic dysphagia. Thus, our results are based on the scenario that is encountered in clinical practice and primarily looking at correction of the anatomic problem.
Furthermore, a stepwise approach was undertaken for dilating severe stenosis. While a more aggressive approach to dilation may have resulted in fewer endoscopic sessions to reestablish patency, our approach resulted in minimal adverse events including no perforations. While there are little objective data to support the ''rule of three'' for esophageal dilation (i.e., no greater than three consecutive dilators passed after moderate resistance is encountered), this rule has been arbitrarily proposed to prevent overaggressive dilation and resultant perforation. Recent evidence suggests that non-adherence to the ''rule of three'' does not increase the risk of adverse events; however, stricture etiology, adjunct therapy, and efficacy outcomes were not evaluated in this study [34] . For select patients in our study, dilation above the ''rule of three'' was performed in the same treatment session but this approach did not seem to result in a lower rate of refractory strictures.
Finally, this was a retrospective cohort study, which carries certain additional limitations. Decisions regarding interventions were made by the provider, including the use of fluoroscopy, use of intralesional steroids, and frequency of dilations. Although a uniform and consistent approach was adopted for endoscopic management of esophageal strictures over the course of the study period, it is difficult to assess the inter-variability of these risk factors among patients retrospectively. Additionally, patients may have been lost to follow-up or sought care at another institution as they were not all prospectively followed longitudinally.
While these are inherent limitations to conclusions drawn from this and other cohort studies, and though the study may be underpowered to achieve precise estimates of effect for significance in our model (i.e., female sex), there are several strengths to our study. First, we report one of the largest studies to date on endoscopic therapy of radiation-induced strictures; our study encompasses the largest number of refractory/recurrent strictures in the literature [33, [35] [36] [37] . Second, our selected cohort had comprehensive long-term follow-up data to investigate detailed safety and efficacy factors. Lastly, this is the first study to categorize outcomes of dilation of esophageal stenosis based on standardized definitions for recurrent and refractory strictures and identify risk factors of refractory radiationrelated strictures.
Our series demonstrates the following: (1) radiationinduced strictures have a delayed onset ([30 days) from time of radiation injury; (2) endoscopic dilation can achieve medium-term luminal remediation but the strictures have a high long-term recurrence rate of up to 33 %; (3) endoscopically injected steroids do not promote remediation of radiation strictures; (4) remediation of radiation strictures following laryngectomy can be achieved but require frequent dilations; and (5) certain clinical and procedural predictors may identify patients at high risk of refractory strictures. Operative revision or earlier placement of long-term removable endoprosthesis may be preferred strategies in select patients [38] .
